Introduction
Many calculations have been performed in the last few years with the aim of understanding the baryon mass spectrum. In order to understand the hadron spectroscopy the low energy properties should be essentially understood. A simple yet unique concept of particle physics, i.e. quark model suggest that all hadrons are made of of three quarks or a quark and an antiquark, bounded by all interactions which arise from renormalizable gauge couplings. In this paper, we will try to understand the baryonic mass spectrum from this standpoint. Many of the hadron mass splitting observed till date are produced by the splitting among the quark masses. Much research has been devoted in describing hadron masses which also incudes masses of hadrons with heavy quarks, often with considerable success [1] [2] [3] [4] [5] [6] [7] [8] [9] . Morpurgo [10] , by the use of field theory and the non relativistic quark model, gave a general parameterizations of the magnetic moments and masses of baryon octet and decuplet. His general parametrization method (GPM), derived from the QCD Lagrangian, expresses the mass operators in terms of flavor-dependent terms proportional to powers of the strange-quark projection operator P λ and non relativistic appearing products of Pauli spin operators σ.
Several authors have studied the masses of heavy hadrons in the non-relativistic quark model with the inclusion of spin and flavor dependant hyperfine interaction between two quarks and between a quark and an antiquark and many other different techniques [12] . Study of baryon mass spectrum has been a subject of increasing interest due to related experiments at Fermilab, CERN etc. [13] . Also several models including non relativistic quark model (NRQM) [2, 4] , chiral perturbation theory (ChPT) [14] , hyper central model [15] have evaluated the data of light and heavy baryon mass spectrum having nice agreement with experimental information available. C. P. Singh [2] et. al., calculated the masses of charmed and b-quark hadrons in the non relativistic additive quark model with the inclusion of spin and flavor dependant hyperfine interaction between two quarks and a quark and an antiquark, which was in agreement with the available data.
Masses of heavy and light baryons are computed using the equation Mass = M quark + SpinSpin Correction, where M quark is the mass obtained using scalar quarks and the spin-spin correction term. In order to understand mass spectrum, spin-spin interaction term has a pivotal role in the mass formulae. This term is short range, in the sense that interaction energy associated with spin-spin coupling of quarks decreases with distance as α −N S . In general, it is only the short range forces between the quarks which are spin dependant. On the other hand, the lattice is good for the long distance physics, the lattice cutoff can spoil the short-distance physics. In this note, we consider the baryon masses in the statistical picture where the short range forces are focussed. It is worthy to mention that we are considering S-wave quark-antiquark systems here. The parameters required for these calculations are completely determined by previously studied properties, using the wave functions, so the results are entirely predictive. The spin-spin interaction contribution is also responsible for Σ − Λ mass splitting in case of baryons [11] . The reason for this splitting is that, in case of Σ 0 , the quarks are in symmetric state which means that quark pair (u,d) must also be symmetric in spin state, such that
. For Λ, the quark pair (u,d) has isospin zero which means total spin is zero (antisymmetric state), such that
4 . The "hyperfine" splittings for Σ − Λ are related by:
The scheme of the the present manuscript is as follows: Section II begins with a brief review of construction of decuplet wave function with sea. Section III presents the explanation of model used i.e. statistical model and principle of detailed balance. Mass formulae are defined in section IV followed by calculation of the masses in section V. Discussion and conclusion is presented in Section VI.
Preliminaries
The structure of hadron constitutes two parts i.e valence part (qqq) and other is sea part which consist of quark-antiquark pairs muticonnected through gluons [16] [17] [18] . A q 3 state in the baryon are in the 1, 8 and 10 color states which means that sea should also be in corresponding states to form a color singlet baryon. The valence part of the hadronic wave function can be written as:
where |φ , |χ , |ψ and |ξ denote flavor, spin, color and space q 3 wave functions and their contribution yields antisymmetric total wave function. Here, spatial part (|ξ ) is symmetric under the exchange of any two quarks for the hadrons and therefore the flavor-spin-color part Φ(|φ |χ |ψ ) should be antisymmetric in nature such that when combined with (|ξ ) gives antisymmetric total wave function. To show an active participation of sea, a relevant wave function is written with valence and quark gluon Fock states. Sea considered here is in S-wave state with spin (0,1,2) and color (1, 8, 10) and is assumed to be flavorless. Let H 0,1,2 and G 1,8,10 denote spin and color sea wave functions, which satisfy
In this approach we have assumed a sea to be consisting of three gluons. All possible combinations of valence q 3 and sea wave functions which can yield spin 1/2 (3/2), flavor octet (decuplet) and color singlet state thereby maintaining the anti symmetrization of the total baryonic wave function are [19, 20] :
The total flavor-spin-color wave function of a spin up baryon octet (decuplet) consisting of three valence quarks and a sea component can be written as:
where
Here, N is the normalization constant. The first three terms in the eq. (2.4) are obtained by combining q 3 wave function with spin 0 (scalar sea) and next three terms are obtained by coupling q 3 with spin 1 (vector sea). The final two terms are the result of coupling with spin 2 (tensor sea). Similarly, the first term in eq. (2.6) is obtained by combining the q 3 wave function with spin 0 (scalar sea) and the next two terms are obtained by coupling q 3 with spin 1 (vector sea) and the final two terms are the result of the coupling with spin 2 (tensor sea). The details of all the terms of wave function in equation (2.4) and (2.6) can be found in references [19, 20] . All the coefficients in the above wave functions are determined statistically from the flavor, spin and color probabilities for the study of low energy properties of hadrons.
Principle of detailed balance and Statistical Model
The main idea of the detailed balance model, proposed by Zhang et. al. [22, 23] , is that it assumes the proton as a bag of quark-gluon gas in dynamical balance, where partons keep combining and splitting through processes such as g ⇔ qq,g ⇔ gg,q ⇔ qg. This model was proposed to study the d−u asymmetry in nucleon and it was found that the detailed balance model gives d−u=0.124 [24] , which was in agreement with the E866/NuSea result of 0.118 [25] . This good agreement indicates that the principle of detailed balance plays an important role in the structure of proton. The method was also extended to pions [26] and the nucleon spin structure [27] . Later, the strange content of the proton was also calculated, using the balance model under the equal probability assumption.
The model begins with the valance quark structure of the proton without any parameters. In this picture, while dd and uu sea quark-antiquark pairs are produced by gluon splitting with equal probability, the reverse process, i.e., the annihilation of antiquarks with their quark partners into gluons, is not flavor symmetric due to excess of u quarks over d quarks in the proton. In general, detailed balance principle demands that the exchange between any two states should balance each other, which can be expressed as:
where A and B are the states. Hadron is treated to be consisting of complete set of quark gluon Fock states and can be expressed in expanded form as:
where q 3 represents the valence quarks of the baryon , i is the number of uu pairs, j is the number of dd pairs, l is the number of ss pairs and k is the number of gluons in sea. The probability to find a quark-gluon Fock states in the baryon system is:
and ρ i,j,l,k satisfies the normalization condition,
The transition probabilities in flavor space for various Fock states have already been determined for nucleon and hyperons containing strange sea and can be found in references [23, 28] . This model, till date, has been able to explain flavor asymmetry, magnetic moments, spin distribution, semileptonic decays of nucleon for octet and decuplet particles [20, 21, 28, 29] . We will, here, use this model to calculate the mass splittings of octet and decuplet particles. Also, it is worthy to mention that the quarks and gluons in the Fock states are the intrinsic partons of hadrons as they are non-perturbatively multiconnected to valence quarks. The "intrinsic" sea quarks and gluons survive over a long lifetime within hadronic bound states whereas the "extrinsic" sea quarks and gluons only exist for a short time. The extrinsic partons in the Fock satates are generated from QCD hard bremsstrahlung or gluon splitting as part of the lepton scattering interaction.
The Statistical model [27] is used in our formalism to calculate the masses of octet and decuplet members by assuming hadrons as an ensemble of three valence quarks and sea containing various quark-gluon Fock states. The main feature of the statistical model is that it does not requires any additional input parameters which proves its physical simplicity, that have made an amazing success in describing parton distribution functions for nucleons. A more general description of this model was provided by J.P Singh et. al., where in addition to flavor, each Fock state has some definite spin and color quantum number with a specific symmetry property [27] . Here, it is worthy to mention that all the above listed properties were directly linked to probabilities of each Fock state in definite spin, color, flavor space quantum numbers. The different possible states in spin, flavor and color, for two gluons can be written as:
The decuplet is symmetric in flavor, singlet antisymmetric and the two octets have mixed symmetry. Subscripts s and a denotes symmetry and antisymmetry on combining the states. Total antisymmetry of the baryon should be kept in mind while combining the valence and sea part. In this model, all n ′ µ,ν s are calculated from multiplicities of each Fock state in spin and color space. These multiplicities are expressed in the form of ρ p,q where relative probability for core part should have spin p and sea to have spin q such that the resultant should come out as 1/2 (3/2). Similar probabilities could be calculated for color space which yields color singlet state. Calculation of these probabilities helps to find common factor "c" for every combination of valence and sea which is multiplied with multiplicity factor (n) for each Fock state. The common parameter "c" can be calculated from the various Fock states derived from the principle of detailed balance. Each unknown parameter in the equation of wave function will have a particular value of n µν c sea depending on the Fock state [20] : Combinations for other unknown parameters can be written in a similar way. A detailed information for calculation of all the parameters using statistical model is being provided in references [19, 20] . The calculations for probabilities are done in two ways i.e C model and D model. Model D assumes that a sea containing a large number of gluons has relatively smaller probabilities and hence their higher multiplicities have been suppressed over the rest of valence particles with limited quarks. Sea with larger color multiplicity has less probability of survival due to larger possibility of interaction. Model D is assumed to be a special case of Model C. The parametrization of model D, can be achieved by assuming that probability of a state is inversely proportional to multiplicity of state in both spin and color states. Therefore, the new probabilities are additional to previous found probabilities factors.
Mass Formulae
The hadronic mass spectrum is an essential ingredient in theoretical study of the physics involving strong interactions. Mass spectrum of mesons and baryons are studied in various models and aspects. The hadron mass formula is discussed in the quark-counting aspect which shows that the "free" quark picture gives the GellMann-Okubo formula [30] . In quark models, the baryon octet and decuplet are bound state of three-quark states (q 3 )and there are various different model calculations for thier masses. Empirical mass formulae [31] for the baryon octet and decuplet are the functions of one integer variable assigned to each member of the baryon sets and charge state of the baryon. These formulae are independent of any specific model. Further, the gross features of simple quark model has helped in unraveling the detailed properties of mass spectra of baryons and mesons. For example, how we determine the different masses of Λ ) (1382.8), despite having same quark content. The difference in spin spin interactions among quarks is the answer to this query, as explained in section 1. We assume, that mass of hadron arises from the constituent quark masses plus the spin-spin interaction energies of quarks for a meson and a baryon, can be written as [32] :
where a m , a b , b are parameters with the dimension of mass and m i , m j are the masses of respective quarks (antiquarks), m 0 is a scale factor which we shall take to be the mass of the lightest quark, i.e. m 0 = m u , m d . The spin dependent term includes a contribution of each pair that is proportional to the expectation value of s i .s j and inversely proportional to the product of the constituent quark masses m i m j . The spin-spin interaction used in the mass operator may be interpreted as the interaction between color magnetic moments proportional to g/2m in analogy with Dirac magnetic moment, g is the strong-coupling constant of gluons with quarks. With the help of the wave function of baryon octet and decuplet, described in previous section, eqns. (3.1) and (3.2) give the masses of the hadrons in terms of the parameters. To evaluate equation (4.2) for each baryon, we need to find the expectation values for spin operators for each quark pair within the respective baryon. The spin interaction term we need to find for these baryons, which are made of up of, say, u, d, s is,
Here, m u = m d . The eigen values for s u .s d are 1/4 and -3/4 for spin triplet (I=1) and singlet (I=0) states respectively, results in evaluation of other terms by: Consider
These values are applicable for all the baryon octet and decuplet particles relative to their quark content. The mass operator given in equation (4.2) 
(
( 
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After applying operator on each term The calculation of mass for proton is shown below:
The set of various combinations of Fock states (|gg , |uug , |ddg ) sea is same for all baryon octet and decuplet members but there probability distribution is different due to mass inherited from flavor leading to different values of unknown parameters (a 0 , a 8 , a 10 , b 1 ) etc.
Estimation of hadron masses
The baryon masses are calculated in literature using various models and taking the inputs of constituent quark masses. The constituent quark masses are model based parameters, so we allow suitable range (in MeV) to them and tries to fit these parameters to the available octet and decuplet masses, using mathematica 7.0. Here, the input in the mass formulae are the coefficients calculated statistically from the statistical model assuming sea quark-gluon Fock states to be in specific flavor, spin and color states. The model parameters for proton (in MeV) can be defined as: D Model (MeV) [13] Particle J P = Table 4 : Masses of decuplet particles
To check the validity of our results, we have checked Gellmann-okubo mass formula for octet, equal spacing rule for decuplet and electromagnetic mass splittings, with the results from our model. The values obtained from our model are shown below every formula. 
Discussion and Conclusion
We have calculated the masses of octet and decuplet particles using the mass formulae consisting of constituent quark masses and spin-spin interaction terms in statistical approach which assumes sea to be an admixture of gluons and quark-antiquark pairs in addition to valence quarks. Here, we can see from table 3 and 4 the masses comes out to be very close to the data from D model in case of octet whereas from C model in case of decuplet, respectively. Also specific dominancy of scalar plus tensor sea contribution over vector is seen in both the cases. Here, the coefficients associated with the scalar, vector and tensor sea contributions are linearly related to the masses of octet and decuplet with an effect of the interaction terms coming from (a b , b...).
Here, the total multiplicities have been obtained using their respective spin, color and flavor space. In case of octet, since D model is giving better match with experimental data of masses and that too, major contribution comes from scalar plus tensor sea that dominates the contribution from vector sea by 66%. Similarly, for decuplet, C model gives better match with experimental data and hence scalar plus tensor sea contribution dominates the vector sea by 99.5%. Hence, the calculation of masses for both J P = 1 2 + , 3 2 + , scalar plus tensor sea contribution dominancy can be easily seen. In general, the sea is found to be dynamic for the scalar and tensor in both octet and decuplet. Here, spin-spin interaction term is dominating for vectorial sea and hence it suppresses the overall contribution to the masses from vector sea.
It can be very well seen from table 3, that the results from contribution of scalar sea in C model is showing a deviation of 5% to 11% while combination of scalar-tensor contribution shows a deviation of 3% to 12% when compared with experimental values available for 1 2 + particles . On the other hand results from D model are deviating 0.03% to 0.47%, when total sea is contributing, which shows that masses from total sea is providing good match with PDG data. Similarly, it can be seen from table 4, for decuplet, that contribution from total sea in case of C model is providing a good match with experimental values available as compared to individual contribution from sea.
It is also interesting to note that the set of constituent quark masses are different for every particle in octet and decuplet. If we insist to take single set of quark masses to hold for all particles and vary these masses, the overall best fit to the hadron data is deviating more from the experimental data. Moreover, the particles with two or three heavy (strange) quarks leads to less or negligible contribution of spin-spin interaction term to the overall mass of particles and hence will be less significant.
